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[57] ABSTRACT

A joint inspection apparatus comprises a light irradiat-
ing device for irradiating light to a tape joint at which
two tape edge portions are joined together, and a light
receiving device for receiving the light irradiated by the
light irradiating device to the tape joint and passing
through the tape joint or reflected by the tape joint. A
judgment device is provided for judging the presence or
absence of an overlap of the two tape edge portions one
upon the other at the tape joint on the basis of informa-
tion on the optical amount of the light received by the
light receiving device in the vicinity of the tape joint.

5 Claims, 3 Drawing Sheets
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APPARATUS FOR DETECTING THE PRESENCE
OR ABSENCE OF OVERLAP AT TAPE JOINTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a joint inspection apparatus
for automatically inspecting an overlap of tape edge
portions one upon the other at a tape joint in the case
where long tapes are joined together. This invention
particularly relates to a joint inspection apparatus for
detecting the presence or absence of an overlap of edge
portions of, for example, a leader tape and a magnetic
tape one upon the other, which overlap may arise in the
case where the leader tape and the magnetic tape are
joined together by use of a joining tape for obtaining a
video tape, an audio tape or the like.

2. Description of the Prior Art

In the course of making video tape cassettes or audio
tape cassettes, a leader tape (or a trailer tape) and a
magnetic tape are joined together by use of a joining
tape, and the presence or absence of an overlap of edge
portions of the leader tape and the magnetic tape one
upon the other at the joint area has heretofore been
judged by visual inspection by the operators.

However, with the visual inspection, criteria of judg-
ment differ among the operators, and defective prod-
ucts may be missed due to fatigue of the operators.
Therefore, it 1s not always possible to make the quality
of the products uniform. Also, personnel expenses for
the operators cause the product cost to increase, and the
production speed i1s decreased by the presence of the
artificial process in the production processes.

SUMMARY OF THE INVENTION

The primary object of the present invention is to
provide a joint inspection apparatus for automatically
detecting the presence or absence of an overlap of tape
edge portions one upon the other at a tape joint, thereby
to make the quality of tape products uniform.

Another object of the present invention is to provide
a joint inspection apparatus which enables reduction in
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the tape product cost and an increase in the tape pro- .

duction speed.

The present invention provides a joint inspection
apparatus comprising:

(1) a light irradiating means for irradiating light to a
tape joint at which two tape edge portions are joined
together,

(1) a light receiving means for receiving the light
irradiated by said light irradiating means to said tape
joint and passing through said tape joint or reflected by
said tape joint, and

(i11) a judgment means for judging the presence or
absence of an overlap of said two tape edge portions
one upon the other at said tape joint on the basis of
information on the optical amount of the light received
by said light receiving means in the vicinity of said tape
joint.

The term “tape joint” as used herein means the joint
area formed when two tape edge portions are joined
together.

The light receiving means may be composed of, for
example, a single photo-transistor or a plurality of
photo-transistors, a line sensor or a surface sensor. In
the case where the light receiving means is composed of
a single photo-transistor or a plurality of photo-transis-
tors disposed in the tape width direction, or a line sensor
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extending in the tape width direction, it 1s necessary to
move the tape joint with respect to the light irradiating
means and the light receiving means in the tape length
direction for sequentially obtaining the information on
the optical amount in the vicinity of the tape joint. On
the other hand, in the case where the light receiving
means 1s composed of a surface sensor such as a charge
coupled device (CCD) or the like, the tape joint may be
maintained stationary with respect to the light irradiat-
ing means and the light receiving means. In this case, it
is necessary to cause the light obtained at different por-
tions of the area in the vicinity of the tape joint to im-
pinge upon the surface sensor simultaneously or sub-
stantially simultaneously, and then sequentially obtain
the information on the optical amount over the overall
surface of the surface sensor by electronic scanning.

With the joint inspection apparatus in accordance
with the present invention, the presence or absence of
an overlap of the tape edge portions one upon the other
at the tape joint is automatically determined on the basis
of the information on the optical amount on both sides
of the tape joint obtained by receiving the light irradi-
ated to the tape joint and passing through the tape joint
or reflected by the tape joint. Therefore, the quality of
the tape products can be judged objectively and reliably
based on the results of the determination, and the gqual-
ity of the products can be made uniform. Also, with the
determination by the automatic detection, the presence
or absence of an overlap of the tape edge portions one
upon the other at the tape joint is automatically judged
instantaneously by the light detection and processing of
the electric signals, and the production speed can be
increased since the inspection efficiency is not caused to
decrease by fatigue of the operators as in the case of
visual inspection. Moreover, with- the joint inspection
apparatus in accordance with the present invention
which has the simple configuration and which can be
fabricated at a low cost, the tape production cost can be
decreased as compared with the case where personnel
expenses are required for the operators engaging in
visual inspection.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing an embodiment
of the joint inspection apparatus in accordance with the
present invention,

FIG. 2 i1s a schematic view showing irradiation of
light produced by the light irradiating means to the area
in the vicinity of a tape joint,

FIG. 3 1s a graph showing the output of the light
receiving means in the embodiment shown in FIG. 1,

FIG. 4 is a block diagram showing the judgment
means in the embodiment shown in FIG. 1, and

FIGS. 5 and 6 are schematic views showing a part of
further embodiments of the joint inspection apparatus in
accordance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will hereinbelow be described
in further detail with reference to the accompanying
drawings.

With reference to FIG. 1, an embodiment of the joint
inspection apparatus in accordance with the present
invention comprises a light irradiating means 2 for irra-
diating a light beam to a tape 1 moved in the direction
as indicated by the arrow A between two reels (not
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shown), a light receiving means 3 for receiving the light
beam irradiated by the light irradiating means 2 to the
tape 1 and reflected by the tape 1, and a judgment means
4 for inspecting the presence or absence of an overlap of
tape edge portions of a leader tape 1g and a magnetic
tape 156 one upon the other at the tape joint on the basis
of information on the optical amount of the light bea
received by the light receiving means 3, and generating

a judgment signal indicating that the product is defec-

tive in the case where the overlap is detected. Also, a
backup head 5 is disposed on the side opposite to the

light irradiating means 2 with respect to the tape 1in the
vicinity of the position at which the light produced by
the light irradiating means 2 impinges upon the tape 1.

A known motor capable of achieving constant speed
movement of the tape 1 is employed as the tape move-
ment mechanism. As the loading and unloading mecha-
nism for the backup head 5, by way of example, a cylin-
der mechanism is employed.

Operations of judging the presence or absence of an
overlap of the tape edge portions one upon the other at
the tape joint by use of this embodiment will be de-
scribed hereinbelow.

The two reels are rotated to move the tape 1 at a
constant speed of approximately 20 mm/sec in the di-
rection as indicated by the arrow A between the two
reels. At the same time, the light beam is irradiated by
the light irradiating means 2 onto the tape 1. The
backup head 5 is disposed in advance to contact the tape
1 at the back of the tape area upon which the light beam
impinges. The light receiving means 3 is provided so
that its light receiving face receives the light beam re-
flected by the tape 1. Also, the information on the opti-
cal amount of the light beam reflected by the tape 1 and
received by the light receiving means 3 is sequentially
fed as electric signals to the judgment means 4.

The tape 1 has been formed by joining the edge por-
tion of the leader tape 1¢ and the edge portion of the
magnetic tape 15 together by use of a joining tape 6.
The edge portions of the leader tape 1z and the mag-
netic tape 15 have edge faces cut normal to the direction
of tape movement. Therefore, in the case where the
teader tape 1a and the magnetic tape 16 have been joined
together accurately, the edge portions of the leader tape
la and the magnetic tape 1) are in abutment with and
joined to each other without a gap intervening therebe-
tween. However, actually, it is not always possible to
adjust the positions of the leader tape 1¢ and the mag-
netic tape 1b accurately in the course of the joining, so
that the joining accuracy fluctuates and an overlap of
the edge portions of the leader tape 1a and magnetic
tape 10 one upon the other often arises at the tape joint.
Such an overlap deteriorates the quality of the tape
product, and therefore delivery of such a tape product
to the market must be avoided.

Accordingly, the aforesaid embodiment is constituted
for automatically judging the presence or absence of an
overlap of the tape edge portions one upon the other,
and discriminating the quality of the product. Specifi-
cally, in the course of inspection of the tape 1 having an
overlap of the tape edge portions one upon the other as
shown in FIG. 2, at the time the tape 1 is moved and a
linear region B on the tape 1 arrives at the light beam
irradiating position, the information on the optical
amount of the light beam reflected by the linear region
B 1s fed to the judgment means 4 via the light receiving
means 3. At the time the tape 1 is further moved in the
direction as indicated by the arrow A and linear regions
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C, D, E and F on the tape 1 sequentially arrives at the
light beam irradiating position, the information on the
optical amounts of the light beam reflected by the linear
regions C, D, E and F is sequentially fed to the judg-
ment means 4 via the light receiving means 3.

The light receiving means 3 is composed of two light
receiving elements (photodiodes, photo-transistors,
photomultipliers or the like) disposed side by side in the
tape width direction. The reason for this is that, with a
single light receiving element, it is not always possible
to judge accurately in the case where the edge portions
of the leader tape 1ag and the magnetic tape 15 are joined
together in a “ <" condition such that they overlap at a
part and are spaced from each other at the other part.
Therefore, in this embodiment, the outputs of the two
light receiving elements are added together to obtain
the output of the light receiving means 3. In accordance
with the light receiving elements, the light irradiating
means 2 should preferably be constituted by a light
source such as a laser capable of converging the light
beam to a beam diameter within the range of 0.1 mm to
0.2 mm. FIG. 3 shows a graph wherein the time is plot-
ted on the horizontal axis and the level of the output of
the hight receiving means 3 is plotted on the vertical
axis. As shown in FIG. 3, the optical amount of the light
beam reflected by the tape 1 decreases sharply at the
area where the edge portions of the leader tape 1g and
the magnetic tape 16 overlap one upon the other. Spe-
cifically, in the case where the leader tape 1¢ and the
magnetic tape 15 are accurately joined together at the
tape joint, the light beam reflected by the tape joint
1mpinges upon the light receiving face of the light re-
cerving means 3 as in the case of the light beam irradi-
ated onto the ordinary surface of the tape 1 and re-
flected thereby. In contrast, in the case where an over-
lap of the edge portions of the leader tape 1z and the
magnetic tape 1/ one upon the other is present at the
tape joint as indicated by the broken line in FIG. 1, the
angle of incidence of the light beam upon the tape sur-
face at the overlap region changes because of the incli-
nation of the tape surface at the overlap region, the
angle of reflection of the light beam also changes, and
the optical amount of the light beam reflected and inci-
dent upon the light receiving means 3 decreases. There-
fore, the judgment means 4 compares the level of the
output with a reference value at the area provided with
the jomning tape 6, and judges that an overlap is present
when the level of the output is not higher than the
reference value. |

FI1G. 4 is a block diagram showing the configuration
of the judgment means 4 in detail. The output signal
generated by the light receiving means 3 is amplified by
an amplifying circuit 4a and fed to a discrimination
circuit 45. The discrimination circuit 46 compares the
level of the output signal received from the amplifying
circuit 4¢ with a predetermined discrimination level.
Also, a gate circuit 4¢ feeds a gate signal to the discrimi-
nation circuit 46 so that the discrimination is carried out
only in the vicinity of the tape joint. The timing of gate
signal feed start may be adjusted so that the gate signal
1s fed a predetermined period after the detection of the
overlapping of the leader tape 1a upon the joining tape
6. Alternatively, the position of the tape joint may be
adjusted in advance, and the gate signal may be fed after
a predetermined predicted time has elapsed. The dis-
crimination circuit 45 outputs an OK signal in the case
where the minimum level of the output signal received
from the amplifying circuit 4« is found to be higher than
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the discrimination level, and outputs a NG signal in the
case where said minimum level is found to be lower
than the discrimination level.

The judgment signal may be fed to a buzzer so that a
warning 1s 1ssued for a predetermined period in the case
where the NG signal is generated. Also, light emitting
diodes may be provided on a control panel for visibly
indicating the OK signal and the NG signal generated as
the judgment signal. This method is advantageous for
sorting of the products. |

In the aforesaid embodiment, the tape 1 and the
backup head 5 are disposed so that the tape 1 slides
along the backup head 5. However, they need not nec-
essarily be disposed so that the tape 1 slides along the

d
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backup head 5. Also, instead of adding the outputs of 15

the two light receiving elements to each other to obtain
the output of the light receiving means 3, the outputs of
the two light receiving elements may be processed by
independent discrimination circuits.

In the case where the light beam is irradiated normal
to the tape surface, the optical axis of the irradiated light
beam and the optical axis of the reflected light beam
coincide with each other. In this case, a light irradiating
means 2b and light receiving means 3b and 3¢ may be
disposed as shown in FIG. 6. With reference to FIG. 6,

the tape 1 is moved at an angle normal to the drawing
sheet in FIG. 6, and light beams are irradiated to two
positions standing side by side in the tape width direc-
- tion by use of a semi-transparent mirror 9a and a mirror
10. The light beams reflected by the tape 1 are made to
impinge upon light receiving elements 35 and 3¢ by use
of semi-transparent mirrors 96 and 9c.

In the aforesaid embodiments, the tape 1 before being
housed in a cassette is inspected. However, also after
the tape is housed in a cassette, inspection can be carried
out in the same manner by opening and closing a guard
panel.

Also, in the aforesaid embodiments, the information
on the optical amount is obtained by receiving the light
beam reflected by the tape 1. However, in the case
where the leader tape 1g and the magnetic tape 1b are
light-permeable to some extent, the joint inspection
apparatus in accordance with the present invention may
be constituted to obtain the information on the optical
amount by receiving a light beam passing through the
tape 1. In this case, the optical amount of the light beam
passing through the tape 1 decreases at an overlap of the
edge portions of the leader tape 1a and the magnetic
tape 15, and therefore the presence or absence of the
overlap may be judged by determining a change in the

optical amount of the light beam passing through the
tape 1.

In the aforesaid embodiments, the information on the
optical amount of the light beam obtained at respective
regions on the tape 1 is obtained by securing the light
irradiating means 2 and the light receiving means 3 and
moving the tape 1. Instead, the information on the opti-
cal amount of the light beam obtained at respective
regions on the tape 1 may be obtained by moving the
light irradiating means 2 and the light receiving means 3
iIn the tape length direction. Alternatively, the light
receiving means 3 may be constituted by a surface sen-
sor such as a CCD, and the light irradiating means 2, the
light receiving means 3 and the tape joint may be dis-
posed at such positions that the light beam irradiated
onto the area in the vicinity of the tape joint and re-
flected by said area or passing through said area simulta-
neously impinges upon the surface sensor. Then, the
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quality of the tape product may be judged in the same
manner as in the aforesaid embodiments on the basis of
the information on the optical amount generated by the
surface sensor.

Also, a second light receiving means may be pro-
vided on the side opposite to the light irradiating means
2 with respect to the tape 1 so that the light beam pass-
ing through the tape 1 impinges upon the second light
recetving means, and the size of a gap between the two
tape edge portions at the tape joint may be detected on
the basis of the optical amount information obtained as
the output of the second light receiving means. In this
case, 1t 15 possible to detect an overlap of the edge por-
tions of the leader tape 1a and the magnetic tape 15 one
upon the other at the tape joint, and the gap between
said edge portions.

Moreover, as shown in FIG. 5, a light irradiating
means 2z and a light receiving means 3¢ may be dis-
posed so that the straight line (optical axis) on which the
light irradiating means 2a and a light receiving means 3a
lie 1s approximately parallel to the direction of move-

* ment of the tape, and a part of the light beam is inter-
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cepted by a tape edge portion in the case where an
overlap of tape edge portions is present at the tape joint.
An optical system 7 for collimating the light beam is
disposed at the rear of the light irradiating means 2e,
and an optical system 8 for converging the collimated
light beam 1s disposed in front of the light receiving
means 3a. With the embodiment shown in FIG. 5, in the
case where an overlap of the tape edge portions is pres-
ent, the optical amount of the light beam which the light
recelving means 3a receives decreases, and the level of
the output of the light receiving means 3a becomes low.
Therefore, based on a change in the optical amount, the
presence or absence of an overlap can be judged by the
discrimination circuit 4 as shown in FIG. 4. In general,
the sum of the thicknesses of the leader tape 14 and the
magnetic tape 1b is approximately 40 wm. Actually,
however, the thickness at the overlap is within the
range of 40 pm to 200 um because of floating of the tape
edge portion at the overlap, and the overlap can be
detected comparatively easily.

We claim: H

1. A joint inspection apparatus for determining

whether or not first and second tapes are joined at re-
spective edge portions without overlap, the apparatus
comprising:

(1) a light irradiating means for irradiating light nor-
mal to the direction of the movement of a tape joint
at which said respective edge portions are joined
together,

(11) a light receiving means for receiving the light
irradiated by said light irradiating means to said
tape joint and passing through said tape joint or
reflected by said tape joint, and

(111) a judgment means for judging the presence or
absence of an overlap of said respective tape edge
portions one upon the other at said tape joint on the
basis of information on the optical amount of the
light received by said light receiving means in the
vicinity of said tape joint, said judgment means
including a discrimination circuit which compares
the level of an amplified output signal generated by
said light receiving means with a predetermined
discrimination level indicative of the presence of
overlap.

2. An apparatus as defined in claim 1 wherein said

light irradiating means is constituted by a laser.
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3. An apparatus as defined in claim 1, wherein said
judgment means is connected to a warning means com-
prising means for producing at least one of an audible or
visible signal for issuing a warning at the time the over-
lap 1s detected.

4. An apparatus as defined in claim 1, wherein said
hght beam is irradiated at two different positions along
a width of the tape, said light irradiating means compris-
ing a semi-transparent mirror and a mirror, and further

8

wherein said light receiving means is adapted for recep-
tion of said light beams reflected by different positions
at said tape joint in the tape width direction.

5. An apparatus as defined in claim 1, wherein said

5 Judgment means further comprises a gate circuit for
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applying a gate signal to said judgment means to cause
said Judgment means to effect said comparing only in

the vicinity of said tape joint.
* X * % *
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